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Ǽƚ^p3!Ƭ3ɼĉE7ɝ®ęƅǮøɍɼĉ2ȀȬǔ2ƂŘ2Ĕě
Ć!H
8 bp©3ëŌä°LB+ CFIR3ĔËĂŔitiLƓś-H
/źF21*'>'
ɧĘ^p3ƬÀ2ɰũ!Hɼĉ24
CFIR4</M
0ěĆ1/BÔź'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1.2. Ŷƨ 
1.2.1. ]uɠÒ/ɝ®ęOumb 
 ĕȐȜʆK-12 MG1655ʇ3]uɠÒʆU00096.2ʇ4
NCBInidʆhttp:// 
www.ncbi.nlm.nih.govʇFìŊ'ĕȐȜ3ɝ®ęOumb4
NCBIni
dE7ConwayFċ÷'niʆConway et al. 2014ʇFìŊ' 
 
1.2.2. ]u3áǌà 
ƆǠǬ.4
iw[ɂL^p!Hɝ®ęE7%3øɍɼĉ2ǜǗ'ŉ*-

iw[ɂL^p!Hɝ®ę3ɨ3ɼĉ2
tRNAɝ®ę
rRNAɝ®ę
>'4Âɝ
®ęLö@Čñ4
%3ɝ®ęɨɼĉÇ²LȪƉĩȽFɭ'ǜǗ'ɝ®ęɼĉ
4V}nP\{ʆopen reading frameʉORFʇ
5’ɵȊȯɼĉ
3’ɵȊȯ
ɼĉ
2+3ɝ®ę3ɵȊȯɼĉɢ1*'ɼĉʊoverlapping untranslated regionʆOURʇ
/-ƆǠǬ.ğȉʋ.HOUR-1ʆǜǗ'ɝ®ę35’ɵȊȯɼĉ¦3ɝ®ę35’
ɵȊȯɼĉ/Ç²ǔ>'4ɟÐǔ2ɢȣ-Hɼĉ/-ƆǠǬ.ğȉʇ
OUR-2ʆǜ
Ǘ'ɝ®ę33’ɵȊȯɼĉ¦3ɝ®ę35’ɵȊȯɼĉ/Ç²ǔB4ɟÐǔ2ɢ
ȣ-Hɼĉ/-ƆǠǬ.ğȉʇ
OUR-3ʆǜǗ'ɝ®ę33’ɵȊȯɼĉ¦3ɝ
®ę33’ɵȊȯɼĉ/Ç²ǔB4ɟÐǔ2ɢȣ-Hɼĉ/-ƆǠǬ.ğȉʇ3
6ǩʀ3ɼĉ2áǌà'ʆą 1.2Aʇɝ®ęɨɼĉ4
TANʆ6/+3ɝ®ę3ɝ®
ęƅǮ/B6/+3ɝ®ę3TSS.ţ>I'ɼĉ/-ƆǠǬ.ğȉʇ
DIVʆ6/+
3ɝ®ę3TSS/B6/+3ɝ®ę3TSS.ţ>I'ɼĉ/-ƆǠǬ.ğȉʇ
CON
ʆ6/+3ɝ®ę3ɝ®ęƅǮ/B6/+3ɝ®ę3ɝ®ęƅǮ.ţ>I'ɼĉ/
-ƆǠǬ.ğȉʇ33ǩʀ3ɼĉ2áǌà'ʆą 1.2Aʇiw[ɂL^p!Hð
ɝ®ę3TSSE7ɝ®ęƅǮ3Ŗċ4
ConwayFċ÷'niʆConway et al. 2014ʇ
FìŊ
ɧĘ^p/Ǽƚ^p3Ŗċ4
NCBInidʆhttp:// 
www.ncbi.nlm.nih.govʇFìŊ'ɝ®ęɨɼĉ2+-4
ðɼĉ3ƅǮ3Ŗċ

+>G42+3TSS
ɝ®ęƅǮ/TSS
>'42+3ɝ®ęƅǮ3ŖċěĆ!Hɼĉ3
?LȪƉĩȽ/' 
 
1.2.3. CFIRLòğ!Hh{oRSO 
 DNAɠÒ2ěĆ!HCFIRLƑÏ!H'A3h{oRSOCIRIʆCruciform-formable 
IR identifierʇLǀȒ2´ś-ĕȐȜ3]uQpȪƉ2ǈ'CIRI4FI'
 9 
ĎĊɠÒ2ěĆ!H
ëŌä°3ɦ5 bp©
ëŌä°ɨ3Ɇɲ08 bp
Çɦ
13 bp©3IRLÇ-ƑÏ!H/.H1
CIRI4
Web2BÈɧ'
ʆhttp://www.waseda.jp/sem-ohyama/CIRIʇ 
 
1.2.4. CFIR3]uQpl} 
 ]u2HCFIR3°Ȉ4
%3Ŏ3ĎĊ3°Ȉ.¨ȡ'CFIR3ɦÁŲ
3Čñ4
CFIR3Ŏ3!Ƭ3ĎĊ3°ȈLŎ/'CFIR¦3CFIR2ĞÇ2
ËßI-HČñ4
ǏēÀ3CFIR3?LȪƉ2ǈ']uQpl}3´
ś24
CircosʆKrzywinski et al. 2009ʇLµǈ'F2
´ś'l}3¬Ř3ɼ
ĉLȡǣ.HWeb`QoʊCruciform-formable IRs in the Escherichia coli genome 
(CFIRs-Ec)ʋB´ś-Èɧ'ʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Ecʇ 
 
1.2.5. ɼĉ/3CFIR3ÐĶ}{NQ 
 áǌà'ðɼĉ2HCFIR3ÐĶLȪƉ!H'A2
2+3}\L´ś'
6/+4
ĕȐȜ]u2ěĆ!HCFIRL
ɐ3E2áǌà'ɼĉʆ5’ɵȊȯɼ
ĉ
ORFǱʇ2ÛGŃ-H/.H}\.HB6/+4
ðCFIR/

áǌà'ɼĉ3ƅǮ/3ðɆɲLƤAH/.H}\.HIF3
}\Lµǈ-
ɼĉ/3CFIR3ÐĶ}{NQL´ś'ÐĶ}{N
Q2Hðy3ĕ45 bp/' 
 
1.2.6. jɠÒ3´ś/ȀȬȪƉ 
 jɠÒ3´ś4
Strawbridge F3Ŷƨ2Ċ,-ȟ*'ʆStrawbridge et al. 2010ʇ
Ƕä2ɐ;H/
ĕȐȜ]uLɝ®ęOumb2Ċ,-^pɼĉʆORFʇ
/ɵ^pɼĉʆORF©ēʇ2áǌà
^pɼĉ3ĎĊɠÒLɱA-
%IFL]
u2H^pɼĉ2j2Ðɠ'òƔ3ŶƨLɵ^pɼĉ2ĩ-B
ɛǈ'3Ŷƨ2EG
^pɼĉ/ɵ^pɼĉ3°Ȉ/ĕ%I&I¼'
I'Ŷ.
^pɼĉ/ɵ^pɼĉ2HĎĊ37%I&Ibl{I
']uL´ś!H/.'%-
´ś'jɠÒL^o]u
/-µǈ'ȀȬȪƉ4
^o]uL50ɠÒ´ś-
ð^o
]u2HCFIR3ÐĶLĩƺni/!H/2EGȟ*'Ƕä2ɐ;H/

]uFìŊ'CFIR3ÐĶ3ni/
%I2ĩő!H503ĩƺniLµǈ-

GrubbsƑğLȟ*' 
 10 
1.2.7. 3’ɵȊȯɼĉ2ěĆ!HCFIR3Ðʀ 
 TAN3`}LƬÀ3ðɝ®ę3Ǽƚ^pFɝ®ęƅǮ>.3Ɇɲ2ő -
;
ƬÀ3ðɝ®ę3
Ǽƚ^p3ǰ3ĎĊ350 bp+500 bp3ɼĉ2HCFIR
3ÐĶLȪƉ'ËĂŔiti3°Ȉ4
TransTermHPh{oRSOʆKingsford 
et al. 2007ʇLµǈ-ƑÏ'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1.3. ǾƊ 
1.3.1. ]uQpd[r\FźF21*'CFIR3ÐĶ3ƾō 
 ƆǠǬ.4
âĚƋƓɕńśȏLB+/ȋFI-H
ëŌä°3ɦ5 bp©

ëŌä°ɨ3Ɇɲ08 bp
Çɦ13 bp©.HIR2ǜǗ'ĞÇ1IR4
ĞÇ
1IR2ơ;-ŲĬ1>'
EGĞÇ1IR/1HE2Ȓƹ2ĒǐÆH/ċ
÷BHʆVan Noort et al. 2003ʇF2
âĚƋƓɕLńś!Hɯ2EGĔ3Tt
ZLŏȤ/!H/ǞFI-HʆBenham et al. 2002ʇŉ*-
ĞÇ1IR4ȪƉ
ĩȽFē'1
CFIR3ȡȮ2+-4
¶5
R7S510/ȡK!/2'
3Čñ
ëŌä°3ɦ7 bp+ëŌä°ɨ3Ɇɲ5 bp3CFIRLŘù!H 
 
 >"
ɐ'CFIR3ÐĶ2+-3]uQpȪƉLȟ*'%-
ĕȐȜ]
u2HCFIR3°ȈE7Ɠɕ3Ŗċ2Ý-
ðɝ®ę3TSS
ɧĘ^p
Ǽ
ƚ^p
ɝ®ęƅǮ
E7ËĂŔiti3°ȈŖċLö@ßšǔl}L
´ś'ʆą 1.1
http://www.waseda.jp/sem-ohyama/CFIRs-Ecʇ3l}2EG
ĕ
ȐȜ]u24R5S"8(2R+S#13) IRĔěĆ
R#13S"8 IR</M0ěĆ1/
źF21*'ƙ.
CFIR/ɝ®ę/3°Ȉɩ¹Lȷ;H'A2
ĕȐȜ]u
Lą 1.2A.ǣ'ɼĉ2áǌà'¶5
Ǽƚ^p/ɝ®ęƅǮ3°ȈŖċ2Ċ
,-3’ɵȊȯɼĉLƦğ'F2
2+3ɝ®ę3ɵȊȯɼĉɢ1*'ɼĉ.
HOUR-1
OUR-2
OUR-3ʆŶƨéƺʇLğȉ-
IF3ɼĉBɝ®ęɼĉ/-
Ş*'ɝ®ęɨɼĉ4
TAN
DIV
CONʆŶƨéƺʇ2áǌà'ßšǔ]u
Qpl}24Âɝ®ę
rRNAɝ®ę
tRNAɝ®ęLǣ'ʆą 1.1

http://www.waseda.jp/sem-ohyama/CFIRs-Ecʇ
Âɝ®ęʆǹ180ɝ®ęʇ2+-4

</M0TSSE7ɝ®ęƅǮ3ŖċâÐ.G
rRNAɝ®ęE7tRNAɝ®ę
2+-4
IF3ɼĉË2ěĆ!HCFIR3</M0RNAÐęË3~OzƓɕ2
ĩő!H/źF13.
IF3ɝ®ę4ȪƉĩȽFē'rRNAɝ®ęɼĉ
E7tRNAɝ®ęɼĉ2HR#5S"8(2R+S#13) IR3ÐĶ4ą 1.32ǣ'  
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ą 1.1 ĕȐȜ]u2HCFIR3ÐĶ 
 R#5S"8(2R+S#13) IR4ɝ®ęOumb//B2ǣ-G
ëŌä°3ɦ
4ʃ.ǣ'1
CFIRs-Ecʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Ecʇ2
-B
3l}3¬Ř3ɼĉLȡǣ!H/.H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ŉ*-
IF2+3ǠǬ2
HǓȥ4HǨļ¯-H
IF3IR/ËĂŔiti3ɩ¹2+
-3ȪƉǾƊ4
ĕǐ1HLilloF4Ȯ3IR3)3ɟ(ËĂŔit
i3Ƈ«LƲ'!/Ǿȸ§'Ŷ
ƆǠǬ4ɝ®ę3ƅǮɼĉ2ȀȬǔ2ƂŘ
2ĔěĆ!HR#8S"8 IR374%ËĂŔiti3Ƈ«LƲ'!/LźF
2'ʆą 1.4Cʇ3E2ĕ1ɚǆ 'ǄǊ48'+H6/+4
ƆǠ
Ǭ.ÓA-ɝ®ęƅǮ3ŖċĪÆI'/.H%3/2EGCFIR03ɝ®
ę3Ëɟ2H4*Gʆ+>G4
ǜǗ'ɝ®ę©ē3ɝ®ęË2ěĆ!H
CFIRLȪƉFɭ/.HE21*'ʇ
ȪƉ3ǸļĕŰþI'B
6/+3ǄǊ4
ËĂŔitiLòğ!H'A3^zi}\3
Ǹļ2002ĹŃž/ơ;-ĕŰþI'/.H 
 
 DuF4
ëŌä°3ɦ9 bp©+ëŌä°ɨ3Ɇɲ110 bp3IR
V
3}iɼĉ
ƾ2ɈÍĂęǾñɟ°ʆtranscription factor binding siteʉTFBSʇ3
ɏ3ɼĉE7V33’ƅǮ3Ƭɼĉ2ĔěĆ!H/Lċ÷'ʆDu et al. 
2013ʇƆǠǬ.4
jɠÒ2HCFIR3ÐĶLĩƺni/!H/2EG

CFIRǼƚ^p3!Ƭ3ɼĉ
ɝ®ęƅǮøɍɼĉ
5’ɵȊȯɼĉË3ɧĘ^p
3ǹ2045 bpƬ2Hɼĉ
ɧĘ^p3ǹ2560 bpƬ3ɼĉ
}iɼ
ĉ2ȀȬǔ2ƂŘ2ĔěĆ!H/źF21*'F2
ɧĘ^p3ƬÀ
2ɰũ!Hɼĉ24CFIR</M0ěĆ1/BǓȥ'+>G
IF32+3
ǠǬ3źǢ1ɚ4
ɧĘ^p3ƬE7Ƭ3ɼĉ2ěĆ!HCFIR2+-3Ȫ
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ƉǾƊ.G
ƆǠǬ.4IF3ɼĉ2CFIRȀȬǔ2ƂŘ2ĔěĆ-H/
LǓȥ'
DuF43/LǓȥ.1*'F2
ɧĘ^p3ƬÀ2ɰ
ũ!Hɼĉ24CFIR</M0ěĆ1/LǓȥ'3BƆǠǬ3?.HI
F3ɚ4
DuF4
ƆǠǬ.ȪƉ'CFIR3ǹ98%LæAH
R5–8S"8 IRE7R#9S0 
IRLȪƉĩȽ/-1/èĂ.H/ȋFIH 
 
 IF3ǠǬ3¦2
iw[ɂL^p!Hɼĉ3?2ǜǗ'ǠǬ.4HB3
3
ǟIR2+-3ȪƉǾƊ3ċ÷ʆLadoukakis and Eyre-Walker 2008ʇH/2
Bȫê1I51F13ċ÷4
ĕȐȜ3ORF2HIR3Ïǃɽļ4j
ɠÒ2ěĆ!HIR2ơ;-Ĭ1/Lǣ-H
3ǠǬ.B
ɧĘ^
p3Ƭ3ɼĉ2IRȀȬǔ2ƂŘ2ĔěĆ-H/4Ǔȥ.1*'
3ǠǬ.4
ORFLF2áǌà'ȪƉLȟ*-13.
%3/èĂB
I1ƆǠǬ.Ǔȥ'
ɧĘ^p3ǹ2045 bpƬ3ɼĉ2ȀȬǔ2ƂŘ2Ĕ
ěĆ!HCFIR3+4
ɈÍ3ZiʆMillman et al. 2017ʇ/-Ƙ
ȏ-HBI1%-
ɧĘ^p3ǹ2560 bpƬ3ɼĉ2ěĆ!HCFIR
3+B
òƔ3ƘȏLB*-H3BI1IF2+3CFIR3ɱă3Ƙȏ
Lòğ!H'A24
F1HǠǬŏȤ.H 
 
 DuF3ċ÷/ƆǠǬ3ɨ24
Ǽƚ^p3Ƭ3ɼĉ2ĔěĆ!HCFIR2+-
BɚHƆǠǬ.4
ɝ®ęƅǮ3ŖċLÓA-ĪÆ!H/2EG
ðɝ®ę
3ƅǮ2ĩ!HCFIR3°Ȉ3ŖċLŊH/.'%-
3/2EG
ą 1.4
3E1ɝ®ę3ƅǮɼĉ2HCFIR3ÐĶ2+-3ğɣǔ1niLÓA-ŊH
/.'Ɓň2
CFIR}iɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!H/2
+-Bȫê!HTSS3Ƭɼĉ2-CFIRȀȬǔ2ƂŘ2ĔěĆ!Hɼĉ2
4ʆą 1.2B3TANwtE7DIVwtʇ
DuFǣü'ɓG%IF3ɏ2³F
3ɈÍĂę3Ǿñɟ°ʆTFBSʇěĆ!H3BI1 
 
1.4.2. 1$CFIR4ɝ®ę3ƅǮɼĉ2ʃɽļ2ěĆ
ɧĘ^p3ƬÀ2ɰũ!H
ɼĉ.ŧɭIH3ʉȋFIHǄǊ 
 I>.3ǠǬ.4
mRNA3ƅǮ3ŖċLĪÆ-F"
ɝ®ęƅǮ2ĩ!HCFIR
3°ȈLƛǢ2ǞH/.1*'ŉ*-
ɈÍ3ǼǾ2ɩKHCFIRLƛǢ2ò
ğ!H/."
CFIR/ɈÍǼǾ3ɩ¹2+-3źǢ1ǾȸLÏ!/4.1
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*'ƆǠǬ.4
ɝ®ęƅǮ3ŖċLÓA-ĪÆ!H/2EG
Ǽƚ^p3
ƬɼĉE7ɝ®ęƅǮ3øɍɼĉ2R#8S"8 IRsĔěĆ!H/źF21G

%IF3Ĕ4ËĂŔiti3Ƈ«LƲ'!/Ôź'ʆą 1.4ʇ+>G

IF3CFIR4RhoĂęɵ¸ěǔ1ɈÍǼǾ3'A2µKI-HíȏŔʃ

IF3CFIRɈÍǼǾ3'A2µKI-H/!H1F5
1$
ɝ®ęƅǮ3
ƬÀ2BěĆ-HLȶź1I51F1RhoĂęɵ¸ěǔ1ɈÍǼǾ4

ȗǔ24ËĂŔiti3ŲbpƬ.HʆRay-Soni et al. 2016; Porrua et al. 
2016ʇŉ*-
RhoĂęɵ¸ěǔ1ɈÍǼǾ3'A2µKIHCFIR4
ŏ"ɝ®
ęƅǮ3ƬÀ2°Ȉ1I51F13ǝǚ3ǄǊ4
ǻȜ3mRNA33’ƅǮL
òğ!H/4
TSSLòğ!HEGB4H2ɳFBI1ǃƿ2-

mRNA33’ƅǮLƶȆ!HŶƨ4Ƹ3.HʆCreecy and Conway 2015ʇ+>G
Ɔ
ȪƉ.µǈ'od[}o3niʆConway et al. 2014ʇ243’ƅǮF
ƭàI'ɈÍǇƽ3niö>I-HíȏŔG
IȮ3ni3è
Ă21*-HíȏŔʃ/ȋFIHƁň2
ɈÍǼǾ2ɩ-ȻȸIH;
ýɾ8'+H6/+4
R#8S" 8 IRs 3+
ËĂŔiti3Ƈ«
LƲ'-1/.Hʆą 1.4Cʇ
DuFǣü'E2
%IF4Rho
Ăę¸ěǔ1ɈÍǼǾƘƓ.Ƙȏ-HBI1ʆDu et al. 2013ʇB6/+3
ýɾ4
IRLB+ɝ®ę2-
CFIR/ɝ®ęƅǮ3Ɇɲ1$ɲI-Hʆǹ
100400 bpʇ.Hʆą 1.4AʇǃĆ
3/2+-3ȶŊÜ3Hȶź4.1
ËĂŔiti/ɈÍǼǾƷ/3ɨ2ƄǞ3ɩ¹H3BI1 
 
 ƆǠǬ2EG
ɧĘ^p3ƬÀ2ɰũ!Hɼĉ24
CFIR4</M0ěĆ1
/źF21*'ʆą 1.2ʇRNA3ɼĉ2stem and loopƓɕʆ©
d
m}Ɠɕ/ú9ʇLńś!H/
Ȋȯ3ɧĘ2Ⱦ3ŅɶLHíȏŔ
Hŉ*-
%3/ǄǊ36/+BI1¦3ǄǊ/-ȋFIH/4

èƎǆƽ4
ɧĘ^p3ǹ8ĎĊƬ2°Ȉ!HbQ-jXu
ʆShine-DalgarnoʉSDʇɠÒLB+ʆShine and Dalgarno 1975ʇFBI13¼
ěI'ɠÒ4
ȊȯɧĘ3}fd2ɩ!Hŉ*-
SDɠÒ3ĞÇŔL¼+'A
2
CFIR43ɼĉFŧɭI-H3BI1ȇAH/
ɧĘ^p3Ƭ
À2ɰũ!Hɼĉ2-CFIR</M0ěĆ134
RNA.3Ƙȏ2Ċ,
/ȋFIH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1.4.3. DNA2HCFIR3Ƙȏ 
DuF4
ɝ®ę3}iɼĉ2-
âĚƋƓɕk{TFBS3ɏ2ʃ
ɽļ2ěĆ!H/Lċ÷'ʆDu et al. 2013ʇƆǠǬ.4
TFBS/CFIR/3ɩ¹L
ȷ;-41
TSS3Ƭɼĉ2-CFIRȀȬǔ2ƂŘ2ĔěĆ!Hɼĉ
+ěĆ!H/LǓȥ'ʆą 1.2B3TANwtE7DIVwtʇIF3
ɼĉ2TFBSěĆ!HíȏŔ4ʃ
IF3ɼĉ2ěĆ!HCFIR4
ɈÍĂęDNA
2Ǿñ!Hɯ3ƁÓ3ȴȺb\q/-Ƙȏ-H3BI1Zhabinskaya/
Benham4
ĕȐȜ3ɝ®ę3ƬÀ2ɰũ!Hɼĉ2ěĆ!HâĚƋƓɕk{4

ɵķ2ĒŔC!Ɔɥ21GŻ/Lċ÷'ʆZhabinskaya and Benham 2013ʇ
ŉ*-
TSS3Ƭɼĉ2-ȀȬǔ2ƂŘ2ĔěĆ!HCFIR3+4
ɈÍ
3ɧĘLºɗ!H'A2
ɧɥȣñ²3ńś2ɩ-HBI1Ŷ
Horwitz
/Loeb4
ĕȐȜ2-
HâĚƋƓɕƬ2Hɝ®ę3ɈÍLş×!H/
Lċ÷'ʆHorwitz and Loeb 1988ʇŇFċ÷'E1
ɈÍ3ş×2µKI-
HCFIRBHBI1"I2#E
IF3CFIR4DNA.Ƙȏ-Híȏ
Ŕʃ/ȋFIH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ǰ 2ɟ 
ǛƎǆƽ]u2H 
âĚƋƓɕńśȏLB+ɒŶôëŌɠÒ3 
ÐĶ/Ƙȏ 
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2.1. Ļȸ 
 DNA3Ɣ1ʃƙƓɕE7ƽǄǔŔɂ4
[k3Ɠś/ɝ®ę3Ǔǃ2
-F1HƓɕǔE7Ƙȏǔ1ƔǙLH/ȋFI-HʆSchroth et al. 1992; 
Herbert et al. 1998; Liu et al. 2001; Ohyama 2001; Fukue et al. 2004; Fukue et al. 2005; Paeschke 
et al. 2005; Sumida et al. 2006; Kamiya et al. 2007; Jain et al. 2008; Qin and Hurley 2008; 
Strawbridge et al. 2010; Du et al. 2013; Kimura et al. 2013; Nishikawa and Ohyama 2013ʇDNA
/HʃƙƓɕ36/+.HâĚƋƓɕ4
IRB/21*-ńśIHIR4RQ
dE7
èƎǆƽFǛƎǆƽ>.ĺǵĄ3]u2-ȥ+*-H
ʆWarburton et al. 2004; Wang and Leung 2009; Strawbridge et al. 2010; Cer et al. 2013; Du et 
al. 2013; Brázda et al. 2016ʇIR3ɟ4
DNA3Ⱦ3ɅF#M3TtZÝKH/
âĚƋƓɕLńś!H/.Hɒ2ȥI5
âĚƋƓɕ3ńś4øɍɼĉ3Ⱦ3
ɅF#MĤļL±#H/.HʆLilley 1980; Lilley and Markham 1983; Courey and 
Wang 1988; Pale!ek 1991; Van Holde and Zlatanova 1994; Shlyakhtenko et al. 1998; Krasilnikov 
et al. 1999; Oussatcheva et al. 2004; Kouzine and Levens 2007ʇE*-
ǛƎǆƽ3]u
2ěĆ!HâĚƋƓɕ4
s[Vh3ńśCɠȈǱ3ĭŜǔ1[kƓɕ2
ŅɶLê=!ƵĆȏÜLB+I>.2Ĕ3ǠǬIR>'4âĚƋƓɕ3ǆƽĜǔ
ƘȏLźF2E/ȱ?'
ǆ²Ë2HâĚƋƓɕ3ńś2ɩ-4
ǘũǔȰŠ4ŊFI-1>'
%IF3ǆƽĜǔƘȏ2ɩ-BźǢ1ǲ4Ŋ
FI-1ǛƎǆƽ2-IF3ýɾ2O}k!H/4
ƾ2ɳE
.HʆGentry and Hennig 2016ʇ 
 
 ]uɠÒnid3ÄĠ2/B1
ǃĆ.4]u2ěĆ!HCFIRLǶä2
Ũ!/.H%-
CFIR3]uQpȪƉ4
CFIR3ǆƽĜǔŘȉLŨƤ!
H/.HłÜ1Ŷƨ36/+/ȋFIHǰ1ɟ.ɐ;'ǠǬ2EG
ĕȐȜ]
u2-4
CFIRǼƚ^p3!Ƭ3ɼĉ
ɝ®ęƅǮøɍɼĉ2ƒA-Ĕ
ěĆ!H/źF21*'F2
IF3CFIR3)
ëŌä°3ɦ8 bp
©+ëŌä°ɨ3Ɇɲ8 bp©3CFIR3</M0
ËĂŔitiLƓ
ś-H/Ôź'ʆǰ1ɟʇÏȚɡƟ]uLĩȽ/'ȪƉ2ɩ-4

StrawbridgeF3ǠǬHʆStrawbridge et al. 2010ʇŇF4
]uL^pɼĉ/ɵ
^pɼĉ2áǌà
%I&Iɝ®ę/ɝ®ęɨ/ğȉ-ȪƉLȟ*'
%-
IR4ɝ®ęɨɼĉ
ƾ2ɝ®ęɼĉ33’ƅǮ2ɰũ!Hɼĉ2ĔěĆ
F
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24ʃļ2[dià!HIRBěĆ!H/Lċ÷'Ŷ
ɝ®ęɼĉ.4
IR
4j2ÐĶ-H/Lċ÷'ʆStrawbridge et al. 2010ʇĕȐȜE7ÏȚ
ɡƟ3ð]uLĩȽ/'IF3ǠǬ4
]u2HCFIR>'4IR3ÐĶ

èƎǆƽ/ǛƎǆƽ.F¯'ƾōLB+/Lǣü-H
ÏȚɡƟ
]u2ěĆ!HIR2+-4
03E1ƙƓɕLB+3
IR3ƙƓɕ/]u
2H°Ȉ2ɩ¹H
IR3ɠÒ4ǆ²Ë3[kƓɕ203E1Ņɶ
Lê=-HǱ3Ĕ3ǑýƝ*-HIF3Ǒý2ǲH/2EG
IR
>'4âĚƋƓɕ3ǆƽĜǔŘȉLźF2!H/.H4".H 
 
 ƆǠǬ.4
ÏȚɡƟ]u2HCFIR3Ŗċ2ðɝ®ę3OumbŖċL
Ý']uQpl}LÓA-´ś'Onràɟ°2ĩő!HDNA3
ɟ°ʊ+>G4ɝ®ęƅǮ©
ʆAʇɟ°/ú9ʋ3ŖċLÓA-ĪÆ!H/
2EG
CFIR3ǆƽĜǔŘȉLȪź!H'A3ȪƉL
ŉƈ3ǠǬEGBƛǢ2ȟ
/.'l}2Ċ,-
CFIR/ɝ®ę/3°Ȉɩ¹2+-3ȳǻ+ğɣǔ
1]uQpȪƉLȟ*'ǾƊ
ʆAʇɟ°3ƬɼĉE7ɧĘ^p3ǹ30
60 bpƬ3ɼĉ2CFIRȀȬǔ2ƂŘ2ĔěĆ!H/źF21*'IF
3CFIR[kƓɕ2HŅɶ4ÙȌ/ňȌ.ǐ1G
ÙȌ4s[VhL
ŧɭ
ňȌ4+1s[Vh2ìGɎ>IH/Ôź'IF3CFIR3ɠÒ
3ƾōLȪƉ!H/
ʆAʇɟ°3Ƭɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!HCFIR42
ǩʀG
ɧĘ^p3Ƭ3ɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!HCFIR4%IF/4ǐ
1HɠÒ3ƾōLB+/Ð*'%-
ÙȌ32ǩʀ3CFIR/ʆAʇb\q
/3ɨ24łƓɕǔ1ǙɩH/LǓȥ'ƆǠǬ.4
IF3ǾƊLB
/2
ĕȐȜ/ÏȚɡƟ2¼ěI-HCFIR3Ƙȏ2+-ċ÷!HF2
R
d/xo3ð]u2HCFIR3ÐĶ2+-BȪƉ!H/2EG
Ȯ3Ƙȏ

ʃǱǛƎǆƽ>.¼ěI-HíȏŔ2+-Ȼȸ!H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2.2. Ŷƨ 
2.2.1. ]uɠÒ/ɝ®ęOumb 
 ÏȚɡƟ3]uɠÒ4Saccharomyces Genome DatabaseʆSGD
 
https://www.yeastgenome.orgʇFìŊ'ÏȚɡƟ3ɝ®ęOumb4
SGD
ʆR64ʇE7ParkFċ÷'niʆPark et al. 2014ʇFìŊ'RdE7x
o3ð]uɠÒʆRdʉGRCm38xoʉGRCh38ʇ4
UCSC]u|Ra
ʆhttps://genome.ucsc.eduʇFìŊ'RdE7xo3ʆAʇɟ°3Ŗċ4

PolyA_DBʆhttp://exon.umdnj.edu/polya_db/Release 3.2ʇFìŊ' 
 
2.2.2. ]u3áǌà 
 ÏȚɡƟ3“ɝ®ęɼĉ”E7ɝ®ęɨɼĉ”3ðɼĉLáǌà!HŶƨL©2ɐ
;Hɝ®ęɼĉ4
ORF
5’ɵȊȯɼĉ
3’ɵȊȯɼĉ
OUR-1
OUR-2
OUR-3ʆǰ
1ɟŶƨ3ɹʇ36ǩʀ3ɼĉ2áǌà'ʆą 2.2ʇɝ®ęɨɼĉ4
TAN
DIV

CONʆǰ1ɟŶƨ3ɹʇ33ǩʀ3ɼĉ2áǌà'ʆą 2.2ʇÏȚɡƟ3iw
[ɂL^p!Hɝ®ę3TSSE7ʆAʇɟ°3Ŗċ4
ParkFċ÷'ni
ʆPark et al. 2014ʇFìŊ
ɧĘ^pE7Ǽƚ^p3Ŗċ4SGD
ʆhttps://www.yeastgenome.orgʇFìŊ'RdE7xo3iw[ɂL^p
!Hɝ®ę3ʆAʇɟ°3Ŗċ4
PolyA_DBʆhttp://exon.umdnj.edu/polya_db/Release 
3.2ʇFìŊ'2+3ɝ®ę2ţ>I'ɼĉ.Hɝ®ęɨɼĉ2+-4
ƅǮ
ʊ2+3ɝ®ę3TSS
ƼŶ3ɝ®ę3TSSE7BƼŶ3ɝ®ę3ʆAʇɟ°
>
'42+3ɝ®ę3ʆAʇɟ°ʋòğI-Hɼĉ3?LȪƉ'2+3ɝ®ę
3ɨ3ɼĉ2
Âɝ®ę
tRNAɝ®ę
>'4rRNAɝ®ęö>I-HČñ4
%
3ɼĉÇ²LȪƉFɭ' 
 
2.2.3. CFIRLòğ!Hh{oRSO 
 CIRIʆǰ1ɟʇL
ÏȚɡƟ
Rd
xo3ð]uQpȪƉ2ǈ'CIRI4
FI'ĎĊɠÒ2ěĆ!H
ëŌä°3ɦ5 bp©
ëŌä°ɨ3Ɇɲ08 bp

Çɦ13 bp©3CFIRLÇ-ƑÏ!H/.Hʆǰ1ɟʇ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2.2.4. CFIR3]uQpl} 
 ÏȚɡƟ
Rd
xo3ð]u2HCFIR3]uQpl}L´ś'
]u2HCFIR3°Ȉ4
%3Ŏ3ĎĊ3°Ȉ.¨ȡ'CFIR3ɦÁŲ3
Čñ4
CFIR3Ŏ3!Ƭ3ĎĊ3°ȈLŎ/'CFIR¦3CFIR2ĞÇ2Ë
ßI-HČñ4
ǏēÀ3CFIR3?LȪƉ2ǈ'ÏȚɡƟ3]uQp
l}3´ś24
CircosʆKrzywinski et al. 2009ʇLµǈ'F2
´ś'l}3
¬Ř3ɼĉLȡǣ.HWeb`QoʊÏȚɡƟʉCruciform-formable IRs in the 
Saccharomyces cerevisiae genome (CFIRs-Sc)RdʉCruciform-formable IRs in the Mus 
musculus genome (CFIRs-Mm)xoʉCruciform-formable IRs in the Homo sapiens genome 
(CFIRs-Hs)ʋB´ś-Èɧ'ʆCFIRs-Scʉhttp://www.waseda.jp/sem-ohyama/CFIRs-Sc
CFIRs-Mmʉhttp://www.waseda.jp/sem-ohyama/CFIRs-MmCFIRs-Hsʉ
http://www.waseda.jp/sem-ohyama/CFIRs-Hsʇ 
 
2.2.5. ɼĉ/3CFIR3ÐĶ}{NQ 
 áǌà'ðɼĉ2HCFIR3ÐĶLȪƉ!H'A2
2+3}\L´ś'
6/+4
ÏȚɡƟ]u2ěĆ!HCFIRLɐ3E2áǌà'ɼĉʆ5’ɵȊȯɼ
ĉ
ORFǱʇ2ÛGŃ-H/.H}\.HB6/+4
ðCFIR/

áǌà'ɼĉ3ƅǮ/3ðɆɲLƤAH/.H}\.HIF3
}\Lµǈ-
ɼĉ/3CFIR3ÐĶ}{NQL´ś'ÐĶ}{N
Q2Hðy3ĕ410 bp/' 
 
2.2.6. jɠÒ3´ś/ȀȬȪƉ 
 ÏȚɡƟ]uLĩȽ/'ȪƉ.4
ÏȚɡƟ]uLSGD
ʆhttps://www.yeastgenome.orgʇ3Oumb2Ċ,-^pɼĉʆORFʇ/ɵ^
pɼĉʆORF©ēʇ2áǌà
StrawbridgeF3ŶƨʆStrawbridge et al. 2010ʇE7
ĕȐȜ]uLĩȽ/'ȪƉ3Ŷƨʆǰ1ɟʇ2Ċ,-
jɠÒL100ɠÒ´
ś'ȀȬȪƉ4
%IF2HCFIR3ÐĶLĩƺni/-ȟ*'Ƕä2ɐ
;H/
]uFìŊ'CFIR3ÐĶ3ni/
%I2ĩő!H1003ĩƺniL
µǈ-
GrubbsƑğLȟ*' 
 
 RdE7xo3ð]uLĩȽ/'ȪƉ.4
ðʆAʇɟ°3200 bp+200 
bp3ɼĉ3ɠÒLbl{!H/2EG
ðʆAʇɟ°2+100ɠÒL´ś
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'%-
%IF2HCFIR3ÐĶLĩƺni/'ȀȬȪƉ4
ÏȚɡƟ]
uLĩȽ/'ȪƉ/ò Ŷƨ.ȟ*' 
 
2.2.7. ɠÒ2Ċ,'CFIR3Ðʀ 
 CFIR3ëŌä°2HATöƂǂ
A>'4T3ĎĊ©ɖ1*'ɠÒʆo[oʇ
3)ƁBɦB3æAHÛñ
ʆApTʇnʊ>'4ʆTpAʇnʋʆn#1ʇ3)ƁBɦ
B3æAHÛñ2Ċ,-
CFIRLiQ}IVII IR2Ðʀ' 
 
2.2.8. CFIR2Hs[VhæƂǂ 
 MNase-seq2EHs[VhæƂǂ3niLNCBI SRAnid
ʆhttps://www.ncbi.nlm.nih.gov/sraSRR2045610ʇFìŊ-
16Ɔ3ƌα²2H
OTpni3{NQLBEDńĿ.´ś'ʆOcampo et al. 2016ʇ´ś'BED
{NQE7iNPSO_eʆChen et al. 2014ʇ2EG
ðƌα²2Hs[V
h3°ȈLòğ'%-
s[VhńśI-H°Ȉ2H¿L
1.0/
s[Vh©ē3°Ȉ2H¿L0/'
0/1.0F1HɠÒL´ś
-ȪƉLȟ*'àĜǔÑŴ2EHs[VhæƂǂ3ni4
CherejiFċ÷
'niʆChereji et al. 2018ʇFìŊ' 
 
 3’ɵȊȯɼĉ>'4ORF.ȀȬǔ2ƂŘ2ĔěĆ!HCFIRL
%IF3ëŌä°3
ɠÒ2Ċ,-ɐ3E2Ðʀ
iQ}/2
CFIR3Ŏ3°ȈL0/-
;'ȁ-
ðCFIR3200 bp+200 bp3ɼĉ2Hs[VhæƂǂ3ĸć¿
L°Ȉ/2ƤA's[VhæƂǂ3¿4
]uÇ²2Hs[Vh
æƂǂ3¿1.0/1HE2ƕƴà'ƕƴà's[VhæƂǂ3¿L

©
normalized nucleosome occupancyʆnNuOcʇ/ú9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2.3. ǾƊ 
ƆȪƉ.4
ǰ1ɟ/òƔ2
âĚƋƓɕńśȏƸ>'4±/œKI-HIRL
ȪƉĩȽFɭ'I>.3ċ÷2EG
âĚƋƓɕ3dm3ɦ3Ɓī¿45 bp
.G(Sheflin and Kowalski 1985; Iacono-Connors and Kowalski 1986; Müller and Wilson 
1987; McMurray et al. 1991; Dai et al. 1997; Dai and Rothman-Denes 1998; Jagelská et al. 2010; 
Nuñez et al. 2015)
}3ɦ4Ĕ3Čñ36ĎĊ.H (Hilbers et al. 1985; Furlong 
and Lilley 1986; Gough et al. 1986; Nag and Petes 1991; Sinden 1994; Potaman and Sinden 
2005)/ǣüI-H
Čñ2E*-4
6ĎĊEGBɦ}LB+â
ĚƋƓɕńśIH/C
ëŌä°ɰũ-GëŌä°ɨ3Ɇɲ0 bp.HIR
BâĚƋƓɕLńś
%3.}ńśIH/ċ÷I-HʆFurlong and 
Lilley 1986; Gough et al. 1986; Scholten and Nordheim 1986; Müller and Wilson 1987; Damas et 
al. 2012ʇŉ*-
ƆȪƉ.4
ëŌä°3ɦ5 bp©
ëŌä°ɨ3Ɇɲ08 bp

IRÇ²3ɦ13 bp3IR2ǜǗ'1
CFIR3ȡȮ2+-4
¶5
R7S510
/ȡK!/2'3Čñ
ëŌä°3ɦ7 bp+ëŌä°ɨ3Ɇɲ5 bp3
CFIRLŘù!H>'
ĞÇ1IR2+-4
ǰ1ɟ/òƔ2ȪƉĩȽFɭ' 
 
2.3.1. ÏȚɡƟ]u2HCFIR3ÐĶ 
>"
ÏȚɡƟ]u2HCFIRʊR#5S"8(2R+S#13) IRsʋ3°ȈE7Ɠɕ3Ŗċ
2
ðɝ®ę3TSS
ɧĘ^p
Ǽƚ^p
E7ʆAʇɟ°3ŖċLÝ']
uQpl}L´ś'ʆą 2.1
http://www.waseda.jp/sem-ohyama/CFIRs-Scʇ
l}24
Âɝ®ę
rRNA
tRNAɝ®ę3ŖċBǣ'
Âɝ®ę2+-4TSS
E7ʆAʇɟ°3Ŗċ3</M0âÐ.G
rRNAE7tRNAɝ®ę2+-
4IF3ɼĉË.ƑÏIHCFIR4RNAÐęË.3¡ƙƓɕLńś!H'A2µǈ
I-H/źF13.
IF3ɝ®ę4©ň3ȪƉĩȽFɭ
iw[
ɂL^p!Hɝ®ęE7%3øɍɼĉ2ǿ*-ȪƉLɗA'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ą 2.1 ÏȚɡƟ]u2HCFIR3ÐĶ 
 R#5S"8(2R+S#13) IR4ɝ®ęOumb//B2ǣ-G
ëŌä°3ɦ
4ʃ.ǣ'1
CFIRs-Scʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Scʇ2
-B
3l}3¬Ř3ɼĉLȡǣ!H/.H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 ą 2.1E7CFIRs-ScF
ëŌä°10 bp©3CFIR4</M0ěĆ1/
Ð*'Ŷ
R5S"8(2R+S#13) IR4ȼĥ2ěĆ!H/Ôź'ƙ.
CFIR
/ɝ®ę/3°Ȉɩ¹Lȷ;H'A2
ą 2.2.ǣ'E2
ÏȚɡƟ]u3ɝ®ę
ɼĉL6+3ɼĉ2
ɝ®ęɨɼĉL3+3ɼĉ2áǌà'F2
áǌà'ðɼ
ĉ2-
CFIRĔěĆ!Hɼĉ>'4ěĆ1ɼĉȀȬǔ2ƂŘõLȷ
;H'A2
ɝ®ęɼĉE7ɝ®ęɨɼĉ%I&I2ĩ-1003jɠÒL´ś
'ʆŶƨéƺʇáǌà'ðɼĉ2HCFIR3ÐĶLȪƉ'ǾƊ
3’ɵȊȯɼ
ĉE7ɧĘ^p3ǹ3060 bpƬ3ɼĉ2CFIRȀȬǔ2ƂŘ2ĔěĆ!H
/źF21*'ʆą 2.2ʇ3’ɵȊȯɼĉ2-CFIRȀȬǔ2ƂŘ2ĔěĆ!
Hɼĉ4
ʆAʇɟ°3ǹ2090 bpƬ3ɼĉE7Ǽƚ^p3ǹ100130 bp
Ƭ3ɼĉ.G
3ni4
Ǽƚ^p2ɏɼĉEGBʆAʇɟ°2ɏɼĉ
2CFIRěĆ-H/Lǣü-H3ƷLǢȴ!H'A2
3’ɵȊȯɼĉL
`Qe2E*-Ðʀ
Ðʀ'\}%I&I2HCFIR3ÐĶ2+-òƔ3
ȪƉLȟ*'%3ǾƊ
CFIRʆAʇɟ°3ɏ2ěĆ!H/4*G/ǣ
I'ʆą 2.3ʇ©2Ý
ą 2.2.ǣ'ɓG
ɧĘ^p3ƬÀ2ɰũ!Hɼ
ĉE7TSS3ǹ15 bpƬ3ɼĉ24
CFIR4</M0ěĆ1/BźF21*
'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5’
 4,501 86
ORF 4,370 1,536
3’
 3,172 130
OUR-1 (5’
 5’
) 37 143
OUR-2 (3’
 5’
) 174 199
OUR-3 (3’
 3’
) 882 177
TAN 1,829 305
DIV 990 420
CON 379 209
	 2.1 	
  (bp)
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ą 2.3 3’ɵȊȯɼĉ2HCFIR3ÐĶ 
 3’ɵȊȯɼĉL`Qe2EG5+3\}2Ðʀ
31 bp©81 bp©3ɼĉL
Q1
82 bp©115 bp©3ɼĉLQ2
116 bp©164 bp©3ɼĉLQ3
165 bp©
385 bp©3ɼĉLQ4/-
ð\}2HR#5S"8(2R+S#13) IR3°Ȉ2+
-3xdo\L´ś'xɉ3Çɦ4
ð\}3`}2Éɓ!Hɼĉ
3`Qe2Ȕ!Hn4ð\}3`}ŲCFIRȀȬǔ2ƂŘ2ĔěĆ
!HɼĉLɃα3Odid[.ǣ'**P < 0.01, ***P < 0.001 
 
 
 
 
 
***
********
***********
***
***
*********

%$&#

 %

 %
!"'A(
	

 %
!"'A(
	
160 !160

 %
!"'A(
	
!80

 %
!"'A(
	
160 !160
1





CF
IR









F
IR











	

0.15
0.10
0
0
0.20
0.10
0
0
0.20
0.10
0
0
0.20
0.10
0
0
0.20
0.10
0
0
CFIR	
30 !"'A(
	
!30
0.15
0
***
***
0.10
0

 %
30 !"'A(
	
!30
!8080
80

 %
!"'A(
	
!110
0.10
0
0.10
0
110

 %
!"'A(
	
0.20
0
0.20
0
!1101101





CF
IR









F
IR











	


%$&#
CFIR	
Q1: 31 bp " 3’-UTR " 81 bp
(n = 806)
Q2: 82 bp " 3’-UTR " 115 bp
(n = 750)
Q3: 116 bp " 3’-UTR " 164 bp
(n = 781)
Q4: 165 bp " 3’-UTR " 385 bp
(n = 775)
**
*** ** **
*** ***
***
*** ***
***
***
**
***
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2.3.2. CFIR3ɠÒ3ƾō 
3’ɵȊȯɼĉE7ɧĘ^p3ǹ3060 bpƬɼĉ2ěĆ!HCFIR3ɠÒ3ƾōL
ȷ;'3ȪƉ.4
R#5S"8(2R+S#13) IRsL
ëŌä°3ɠÒ3ATöƂǂ
A>'4
T3o[o3æƂǂ
ʆApTʇn>'4ʆTpAʇnʆn # 1ʇ3æƂǂ2EG7+3\}
2Ðʀ'ʆą 2.4ʇATöƂǂ3Ċƴ3¿4
ÏȚɡƟ3ATöƂǂ0.6213.0.6/
'3’ɵȊȯɼĉ.4
ʆApTʇn>'4ʆTpAʇnʆn # 1ʇ2ĥ@ëŌä°LB+CFIR
ʆiQ}III IRʇƁBĔěĆ
IF4ƾ2
ʆAʇɟ°3ǹ3060 bpƬ3
ɼĉ2ĔěĆ!H/źF21*'ƙ.
A>'4T3o[o2ĥ@ëŌä
°LB+CFIRʆiQ}II IRʇĔěĆ
IF4ƾ2
ʆAʇɟ°3ǹ1020 bp
Ƭ3ɼĉ2ĔěĆ!H/źF21*'+>G
iQ}III IR4
iQ}II IR
3K"2Ƭ2°Ȉ!H/Ð*'iQ}III IRE7iQ}II IR4Ŷ/BAT
2ĥ@ëŌä°ʆATöƂǂ0.6©ʇLB+CFIR.H
ÙȌ4F2
ëŌä°2
HʆApTʇn>'4ʆTpAʇnʆn # 1ʇ3æƂǂ0.5©.G
ňȌ4
ëŌä°2
HA>'4T3o[o3æƂǂ0.5©.HiQ}III IRE7iQ}II IR/¯
-HiQ}I IRʊëŌä°2-
ATöƂǂ1.0
ʆApTʇn>'4ʆTpAʇnʆn # 1ʇ
3æƂǂ0.5
A>'4T3o[o3æƂǂ0.5.HCFIRʋB>'
iQ}III IR
E7iQ}II IR/B2ĔěĆ-Hīɼĉ2
ɽļ4Ĭ1B33
ȀȬǔ2Ƃ
Ř2ĔěĆ!H/źF21*' 
 ɧĘ^p3ǹ3060 bpƬ3ɼĉ.4
ATöƂǂʃ1
A>'4To[o
3æƂǂBʃ1
ʆApTʇn>'4ʆTpAʇnʆn # 1ʇ3æƂǂBʃ1ëŌä°L
B+CFIRʆiQ}VII IRʇĔěĆ!H/źF21*'iQ}VII IR/¯-
HiQ}V IRʊëŌä°2HATöƂǂʃ1
ʆApTʇn>'4ʆTpAʇnʆn # 1ʇ
3æƂǂBʃ1CFIRʋB>'
iQ}VII IRĔěĆ-Hɼĉ3ɟ2
i
Q}VII IR/ơ;H/ɽļ4ƒǮ2Ĭ1B33
ȀȬǔ2ƂŘ2ĔěĆ!H/Ô
ź'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* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * ** * *
* * *
* * *
* * *
* * *
* * *
* * *
* *
* *
* *
* *
* * *
* * *
I
II
III
IV
V
VI
VI
I
AT



1
!0
.6
!0
.6
!0
.6
<0
.6
<0
.6
<0
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
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*
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
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!0
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% (T
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6
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0.
5
<0
.5
!0
.5
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.5
<0
.5
!0
.5
<0
.5
:
7
=





	

Q1
(n
 =
 8
06
)
Q2
(n
 =
 7
50
)
Q3
(n
 =
 7
81
)
3’#


$

:
7
=
I II III

IV
 V VI

VI
I
:
7
=
I II III

IV
 V VI

VI
I


9
<
C

30

>
@
EA
F
 
	

"3
0


!


9
C
;B
D
A



9
<
C

30

>
@
EA
F
 
	

"3
0
0.
15
 0
0.
15

0
0.
05
 0
0.
05

0


9
<
C

>
@
EA
F
 
	

"8
0
80

* *
* * *


9
<
C

>
@
EA
F
 
	

"8
0
80

* * *
* * * * *
0.
15
 0
0.
15

0
0.
05
 0
0.
05

0
0.
15

0 0.
05

0
0.
15
 0
0.
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 0 

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<
C

>
@
EA
F
 
	

"1
10

11
0


9
<
C

>
@
EA
F
 
	

"1
10

11
0
1$(,50
CFIR0
&$(,50'FIR0
0.
* *
* * *
CF
IR


0
	


* * *
* *
* * *
* * *
* *
* *
* * *
* * *
* * *
* * *
* * *
* * *
* *
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1
CFIR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
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* * *Q4
(n
 =
 7
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)
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F
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2.3.3. CFIR3ÐĶ/[kƓɕ/3ɩ¹ 
 âĚƋƓɕLńś-Hɼĉ.4s[VhLńś1/ǞFI-H
ʆNickol and Martin 1983; Nobile et al. 1986; Battistoni et al. 1988; Van Holde and Zlatanova 
1994; Pearson et al. 1996ʇŉ*-
ǆ²Ë.CFIRâĚƋƓɕLńś-Hõ4

CFIR[kË2°Ȉ-Hõ.ĕ>2Ʊ!H/.H+
3\}ÏȚɡƟ2H]uQp1s[Vhl}Lċ÷-H
ʆKaplan et al. 2009; Brogaard et al. 2012; Henikoff et al. 2014; Hu et al. 2014; Ramachandran 
et al. 2015; Ocampo et al. 2016; Chereji et al. 2018ʇ
ƆȪƉ.4
OcampoFċ÷'
MNase-seq2EHs[Vhl}Lµǈ'OcampoFȟ*'MNase-seq.4
OTpƨȟKI-G
3Ŷƨ4
b\pƨEGBƛǢ2s[Vh
3°ȈLȷ;H/.HʆCole et al. 2012; Ocampo et al. 2016ʇƆȪƉ.4
3’
ɵȊȯɼĉ2-ȀȬǔ2ƂŘ2ĔěĆ!HiQ}III IR>'4iQ}II IR/[
kƓɕ/3ɩ¹E7
ɧĘ^p3ǹ3060 bpƬ3ɼĉ2ȀȬǔ2ƂŘ2Ĕě
Ć!HiQ}VII IR/[kƓɕ/3ɩ¹2+-ȷ;'%3ǾƊ
ą 2.5.ǣ!
E2
ÙȌ/ňȌ3ǾƊ24źF1ɚH/źF21*'3’ɵȊȯɼĉ
.4
iQ}III IRE7iQ}II IR3°Ȉ
>'4%IF3!ɏ3°Ȉ.nNuOc3
ĸć¿ƁB±3/4
3’ɵȊȯɼĉ2-
iQ}III IRE7iQ}II IR
¦3DNAɠÒEGBWDNAɼĉ2°Ȉ!H/Lė@/Lǣü-H
F2
Ĕ3Čñ
CFIR3ƬÀ2H}{NQ3z[ƬÀ2Hz
[EGBʃ
CFIR3°ȈF?-ɵĩǦ.G
3/4
s[Vh3æƂ
ǂCFIR3ƬÀ/ƬÀ.ǐ1H/Lǣ-HŶ
ɧĘ^p3ǹ3060 bp
Ƭ3ɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!HiQ}VII IR3Ĕ4
+1s[VhË2
°Ȉ-H/ȋFIHʆTirosh et al. 2010; Tsui et al. 2011ʇ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IIIII
3’
VII
nN
uO
c



CFIR
	
nN
uO
c



CFIR
	
ORF
nN
uO
c



CFIR

	
MNase
IIIII
3’
VII
nN
uO
c



CFIR
	
nN
uO
c



CFIR
	
ORF
nN
uO
c



CFIR

	
	
IR
(n = 425)
IRQ1
(n = 36)
IRQ3
(n = 79)
IRQ1
(n = 40)
IRQ2
(n = 44)
IRQ4
(n = 45)
IRQ3
(n = 39)
IRQ2
(n = 89)
IRQ4
(n = 82)
IR
(n = 425)
IRQ1
(n = 36)
IRQ3
(n = 79)
IRQ1
(n = 40)
IRQ2
(n = 44)
IRQ4
(n = 45)
IRQ3
(n = 39)
IRQ2
(n = 89)
IRQ4
(n = 82)
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.7
1.0
0.1
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
1.5
1.0
0.3
!200 2000
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 s[Vhl}3Õ3´śƨ/-
àĜǔÑŴ2EHŶƨǞFI-H
3Ŷƨ4
ʆAT2ĥ@ɼĉLEGÑŴ->ʇMNase3ÑŴvQOdLɞ
H/.
F2
s[Vh3°ȈLEGʃÐȪȏ.ȪƉ.H/ċ÷I
-H (Brogaard et al. 2012; Henikoff et al. 2014; Chereji et al. 2018)CherijiFċ÷'

H3Q85CÑŴƨLǈ-´śI's[Vhl}ʆCheriji et al. 2018ʇLµǈ
-
òƔ3ȪƉLȟ*'%3ǾƊ4
MNase-seq2EHniLµǈ-ȟ*'ȪƉ3
ǾƊ2¯-'
3’ɵȊȯɼĉ2HCFIR3Ƭɼĉ/Ƭɼĉ3ð}{NQ
3ɵĩǦŔ4EGɿȝ.*'ORF2-4
MNase-seq2EHniLǈ-ȟ*
'ȪƉ3ǾƊ/òƔ2
iQ}VII IR3Ĕs[VhË2ȥ+*' 
 
 Ɓň2
3’ɵȊȯɼĉË2ȀȬǔ2ƂŘ2ĔěĆ!HCFIR3Ɠɕ/s[Vh
æƂǂ/3ɩ¹Lȷ;'ʆą 2.6ʇ3ȪƉ2EG
+3ȕùƮ/źF
21*'6/+Ǘ4
ëŌä°3ɦɦ1H/
CFIR>'4%3ɰũɼĉ2
Hs[Vh3æƂǂʆnNuOc
Ŷƨ3ɹéƺʇ3ĸć¿ƯĬ!H/.
H8'+Ǘ4
Ĕ3Čñ2-
iQ}III IR3ëŌä°3ɦ9 bp©21H
/
CFIR>'4%3ɰũɼĉ2HnNuOc3ĸć¿4<=021H/.HCFIR
3ɰũɼĉ3nNuOc3ĸć¿<=0.H°Ȉ24
¦3CFIR>'4AT2ĥ@o[
oěĆ!H/Hʆą 2.7ʇR#9S"8ƓɕLB+203iQ}III IR3)
163CFIR
ą 2.5 CFIR/%3øɍɼĉ2Hs[Vh3æƂǂ 
 3’ɵȊȯɼĉ2-ȀȬǔ2ƂŘ2ĔěĆ!HiQ}III IRE7iQ}II IR
/
ORF2-ȀȬǔ2ƂŘ2ĔěĆ!HiQ}VII IRʆą 2.4ʇLȪƉĩȽ/
'Q1Q4ʆą 2.3ʇ2ěĆ!HCFIRL%I&IIRQ1IRQ4/'CFIR3ŎL0
/
ðCFIR3Ŏ3Ƭ200 bpFƬ200 bp3ɼĉ2HnNuOc3¿L%I&
Iȷ;
ð°Ȉ2H%IF3ĸć¿ʆŶƨ3ɹéƺʇL}lo'i
nɝ®ę3Čñ
Ƭ3ɝ®ę3}iɼĉ3s[VhæƂǂ±
/Ç²3}{NQ2ŅɶLê=!BI13.
3ȪƉ.4
CON`
}3B/21*'ɝ®ęflo3?LȪƉ's[Vh3°Ȉ2+-
4
OcampoF3niʆMNase2EHÑŴ2Ċ,ni; Ocampo et al. 2016ʇE
7CherejiF3niʆàĜǔÑŴ2Ċ,ni; Chereji et al. 2018ʇLµǈ'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B4%3øɍɼĉ2HnNuOc3¿ǹ0.HF2
%IF163CFIR3)

53CFIRʆ5/16 = 31%ʇnNuOc¿0Lǣ
113CFIRnNuOc}{NQ3ƁB±¿
3°Ȉ2ɰũ!HF2IF113CFIR3)
43CFIRʆ4/11 = 36%ʇ¦3CFIR
/ɰũ
33CFIRʆ3/11 = 27%ʇAT2ĥ@o[o2ɰũ
%IFnNuOc}{
NQ3ƁB±¿3°Ȉ/Ȕ'ƝG343CFIR4"I3k{/Bɰũ-
1*'3+Ǘ4
nNuOc3ĸć¿<=0Lǣ!iQ}II IR4</M01/.
HI4ëŌä°3ɦèĂBI1ʆR#10.HiQ}II IR4ěĆ#"
i
Q}II IR392%
ëŌä°3ɦ56 bp.Hʇ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ą 2.6 CFIR3Ɠɕ/s[VhæƂǂ/3ɩ¹  
 3’ɵȊȯɼĉ2ěĆ!HCFIRLëŌä°3ɦ.Ðʀ-
ą 2.5/òƔ3ȪƉL
ȟ*'s[Vh3°Ȉ3ni4
àĜǔÑŴ2Ċ,ni3?Lµǈ
'R5R174ëŌä°3ɦ517 bp3CFIRLŘù!H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R5 (n = 45)
R6 (n = 21)
R7 (n = 5)
R8 (n = 3)
R9 (n = 3)
R12 (n = 1)
R17 (n = 1)
R5 (n = 45)
R6 (n = 24)
R7 (n = 5)
R8 (n = 7)
R9 (n = 1)
R10 (n = 2)
R11 (n = 4)
R13 (n = 1)
III
CFIR		
nN
uO
c





CFIR		
nN
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c




II
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1
0
2
1
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2
1
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0
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2
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R5 (n = 27)
R6 (n = 11)
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R9 (n = 1)
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R6 (n = 13)
R7 (n = 3)
R9 (n = 1)
R5 (n = 31)
R6 (n = 10)
R7 (n = 2)
R8 (n = 2)
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ą 2.7 CFIR2ɰũ!Hk{/s[VhæƂǂ/3ɩ¹ 
73CFIRʆ43CFIR4¦3CFIR/ɰũ
33CFIR4AT2ĥ@o[o2ɰũ!Hʇ
3nNuOc}{NQLǣ'čG+9-HƗƐ4
ą 2.6.ǜǗ'CFIR.
HčG+9-1ƗƐ4
ɰũ!HCFIRʆiQ}4Wl^Ë2ǣ-Hʇ
>'4AT2ĥ@o[o.H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IRQ3
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IR (IV)
IRQ2
R9
	
0
0.5
0
1
2
!200 2000 
    CFIR
R9
	
0
0.5
0
1
2
!200 2000 
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!200 2000 
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2
!200 200        0 
       CFIR
CFIR (III)
nN
uO
c
nN
uO
c
nN
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c
nN
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c
nN
uO
c
R13 A/T A/T A/T R12 A/T
R9
	
0
0.5
0
1
2
!200 200         0 
      CFIR
nN
uO
c
R16
	
0
0.5
0
1
2
!200 200        0 
      CFIR
nN
uO
c
1.0 1.0
R9 R9
1.0 1.0
A/T
!100 60 !100 60 !100 60
!60 010
CFIR (III)
CFIR (III)
CFIR (III)
R9
1.0 CFIR (III)
R15
CFIR (III)
!60 010
CFIR (III)
CFIR (III)
R16
CFIR (III)
1.0 1.0
!60 010
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2.3.4. ʃǱǛƎǆƽ3]u2HCFIR3ÐĶ 
ʃǱǛƎǆƽ.HRdE7xo3ð]u2ěĆ!HCFIRʊR#5S"8(2R+S#13)
IRʋL
CIRIʆǰ1ɟʇ2E*-Ç-òğ'%3ǾƊ
Rd3]u2419,534,121
3CFIR
xo3]u2423,815,4293CFIRěĆ!H/źF21*'ƙ2
IF3niLĊ2CFIR2+-3]uQpl}L´ś'ʆą 2.8

http://www.waseda.jp/sem-ohyama/CFIRs-Mm
http://www.waseda.jp/sem-ohyama/CFIRs-Hsʇ
ą 2.8
CFIRs-Mm
E7CFIRs-HsF
RdE7xo3ð]u2ěĆ!HCFIR
3)R#10S"8 IRæAHÛñ4K".H/Ð*'ʆRdʉ1.0%xoʉ
1.2%ʇŶ
RdE7xo3ð]u24
ëŌä°100 bp©3CFIR
+ěĆ!H/źF21*'Rd3]u2ěĆ!H
ëŌä°ƁBɦ
CFIR4Yƌα²2HR104S0.G
xo3]u2ěĆ!H
ëŌä°ƁBɦ
CFIR47Ǐƌα²2HR341S4.Hʆą 2.8

http://www.waseda.jp/sem-ohyama/CFIRs-Mm
http://www.waseda.jp/sem-ohyama/CFIRs-Hsʇ
1
Rd3Čñ4CFIRs-Mmʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Mmʇ
xo3
Čñ4CFIRs-Hsʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Hsʇ2-B
IF3l
}3¬Ř3ɼĉLȡǣ!H/.H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ƙ.
ĕȐȜ/ÏȚɡƟ2Éɓ-CFIRĔěĆ-Hɼĉ36/+.HɈÍ
3ǼǾɼĉ2ǜǗ
ʃǱǛƎǆƽ3]u2HɈÍ3ǼǾɼĉ2BCFIRĔě
Ć-HõLȷ;'Ê²ǔ24
RdE7xo3ð]u2-
ð
ʆAʇɟ°3øɍɼĉʊʆAʇɟ°3200 bp+200 bp3ɼĉʋ¦3ʆAʇɟ
°Lö>1ɼĉ2HR#5S"8 (2R+S#13) IR3ÏǃɽļLȷ;'ʆą 2.9ʇF2

CFIR3Ïǃ3ĔħȀȬǔ2ƂŘõLȷ;H'A2
ðʆAʇɟ°3200 bp
+200 bp3ɼĉ2ĩ-1003jɠÒL´ś'%-jɠÒ2H
CFIR3ÐĶLĩƺni/!H/2EGȀȬȪƉLȟ*'ʆŶƨ3ɹéƺʇ%
3ǾƊ
RdE7xo3ð]u2HʆAʇɟ°3øɍɼĉ.4
CFIR
ȀȬǔ2ƂŘ2ĔěĆ-H/źF21*'ʆą 2.9ʇƾ2
RdE7
xo3ð]u2-
ʆAʇɟ°3Ƭǹ1030 bp3ɼĉ2CFIRĔěĆ!
H/Ôź'©2Ý
ą 2.9.ǣ'ɓG
ʆAʇɟ°3Ƭǹ1020 bp
3ɼĉ4
%3øɍɼĉ2ơ;-CFIRĬ1/źF21*'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ą 2.9 RdʆAʇ/xoʆBʇ3ɝ®ę3ɈÍǼǾɼĉ2HCFIR3ÐĶ 
 ʆAʇɟ°3øɍɼĉʊðʆAʇɟ°3200 bp+200 bp3ɼĉʋ¦3ɝ
®ę3ʆAʇɟ°Lö>1ɼĉLȪƉĩȽ/'n4`}ŲCFIRȀȬ
ǔ2ƂŘ2ĔěĆ!HɼĉLɃα3Odid[.ǣ'***P < 0.001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2.4. ȋĦ 
ƆǠǬ.4
>"
ÏȚɡƟ3]u2HCFIR3ÐĶ
Ïǃɽļ
ɠÒ3ƾō2Ý

[kƓɕ/3ɩ¹2+-3]uQpȪƉLȟ*'%3ǾƊ
CFIR4
ÏȚɡƟ]u2ĺÐĶ-G
iQ}III IRE7iQ}II IR
3’ɵȊȯɼĉË
3ʆAʇɟ°3Ƭɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!H/źF21*'ʆą 
2.4ʇ%-
IF3CFIR
¦3DNAɠÒEGBWDNAɼĉ2°Ȉ!H/
Lė@/Ôź'ʆą 2.5ʇ>'
ɧĘ^p3ǹ3060 bpƬ3ɼĉ2-
4
iQ}VII IRȀȬǔ2ƂŘ2ĔěĆʆą 2.4ʇ
IF3CFIR4+1s[Vh
Ë2°Ȉ!H/źF21*'ʆą 2.5ʇŶ
ɧĘ^p3!Ƭ3ɼĉ
E7TSS3ǹ15 bpƬ3ɼĉ24
CFIR4</M0ěĆ1ʆą 2.2ʇF2

Rd/xo3ð]u2HCFIR3ÐĶ/Ïǃɽļ2+-3]uQpȪƉB
ȟ*'%3ǾƊ
RdE7xo3ð]u2-B
ɈÍǼǾɼĉ2CFIRĔ
ěĆ!H/Ôź'ʆą 2.9ʇIF3ǾƊE7ĕȐȜ]uLĩȽ/'Ȫ
Ɖ3ǾƊʆǰ1ɟʇ2Ċ,
CFIR3ǆƽĜǔŘȉ2+-Ȼȸ!H 
 
2.4.1. ÏȚɡƟ]u2ěĆ!HCFIR3ÐĶE7ɠÒ3ƾōǣü-H/ 
 iQ}III IRE7iQ}II IR4
3’ɵȊȯɼĉ2ȀȬǔ2ƂŘ2ĔěĆ
RNA.
ʆAʇb\q/-Ƙȏ-HɢȤ1Ăę3ɠȈ/Ȕ!HČñĔ>'

%IF3CFIR4
3’ɵȊȯɼĉ2-s[VhæƂǂʃ¿ʆƬÀʇF
±¿ʆƬÀʇ2Ēà!HďǍ2ěĆ!Hʆą 2.5ʇÏȚɡƟ3ʆAʇb\q
4ɝ®ę2E*-Ɣ1ɠÒG
ʆAʇb\qLȺÕ!H/ɳɝ®ę
BěĆ!HÏȚɡƟ3ʆAʇb\q4
ƬFƬ3Ŷô2
AU2ĥ@ɠÒ
.Hefficiency elementʊEEʉUAYRUAʆY4U>'4C
R4A>'4Gʇʋ
ÑŴ
ɟ°3ǹ1030ĎĊƬ2°Ȉ
ĎĊA2ĥ@positioning elementʊPEʉAAWAAA
ʆW4A>'4Uʇʋ
ÑŴɟ°E7ʆAʇ§Ý!Hɟ°2°Ȉ!HU-rich element
3ɺ2ěĆ!H/ǞFI-GʆGuo and Sherman 1996; Zhao et al. 1999; Proudfoot 
2011; Mischo and Proudfoot 2013ʇ
EEE7PE3ɠÒ3ƾō4
iQ}III IRE7iQ
}II IR3ɠÒ3ƾō/%I&IȔ!HF2
iQ}III IRE7iQ}II IR3
ʆAʇɟ°2ĩ!H°Ȉ4
EEE7PE3ʆAʇɟ°2ĩ!H°Ȉ/ƒA-E¯
-G
iQ}III IREGBiQ}II IRʆAʇɟ°3ɏ2°Ȉ!Hŉ*-

IF3ǾƊ4
EEL^p!HDNAiQ}III IR3ëŌä°L
PEL^p!HDNA
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iQ}II IR3ëŌä°L%I&IƓś-H/Lǣü-H©3/Lɇ
>H/
iQ}III IRE7iQ}II IR4
DNA/EGBRNA.
ʆAʇb\q/-Ƙȏ-HB3/ȋFIH 
 
 iQ}VII IR4ɧĘ^p3ǹ3060 bpƬ3ɼĉ2ȀȬǔ2ƂŘ2ĔěĆ!H
%IF3CFIR3ëŌä°4AT2ĥ@ɠÒ.413.ʆ%IF3ëŌä°3ATöƂǂ
3ĸć¿4
ǹ40%.Hʇ
âĚƋƓɕLńśŻɠÒ.41Ġɯ2%IF4

s[VhË2°Ȉ!Hʆą 2.5ʇŉ*-
B%IF3CFIR³F3ǆƽ
ĜǔƘȏLB+/'F
RNA.Ƙȏ-HíȏŔʃȋFIHƘȏ/-

ǻȜ.ǓȥI'ZiH (Merino and Yanofsky 2005; Wachter 2014; 
Millman et al. 2017)Zi4
¢2ŧ¦ǔ1RNA3Ɠɕ.Hit
i>'4OkitiLńś
itiLńś'Čñ4%.
ɈÍƚ>H3.Ƅƻ1ɈÍǇƽLǇǆ
OkitiLńś'Čñ4
Ƭ3^pɠÒLÇ-ɈÍ!H/2EGĞÇ1mRNALǇǆ!H/ȋFI-H 
(Millman et al. 2017)¤ā3ǠǬ2EG
Zi/-Ƙȏ-HCFIR
4
ĕȐȜ]u.45’ɵȊȯɼĉ3?1F"
ɧĘ^p3Ƭǹ2560 bp3ɼĉ2
BěĆ!HíȏŔǣüI'ʆǰ1ɟʇF2ƩǗ!;/4
ÏȚɡƟ]u2
-
ɧĘ^p3Ƭ2ȀȬǔ2ƂŘ2ĔěĆ!H%IF3CFIR3ɟ4
ËĂ
Ŕiti/òƔ2Ƭ2ĎĊU2ĥ@o[oLB+/.HʆniƄū
ɋʇŉ*-
ɧĘ^p3Ƭǹ3060 bp3ɼĉ2ěĆ!HCFIRB
Z
i3E1ƘȏLƊ'-HBI1 
 
 ƆǠǬ.4
ɧĘ^p3ƬÀ2ɰũ!Hɼĉ24CFIR</M0ěĆ1/
BźF21*'ʆą 2.2ʇɧĘ^p3ɏ2ńśIHRNA3dm}Ɠ
ɕ4
Ȋȯ3ɧĘ2Ⱦ3ŅɶLê=!/ȋFIHŉ*-
%3E1ƓɕLńś!
HíȏŔLŧɭ-H3BI1F2
TSS3ǹ15 bpƬ3ɼĉ2-B
CFIR</M0ěĆ1/Ôź'%3èĂ2+-4
ǃĆź.H 
 
2.4.2. 1$iQ}III IRE7iQ}II IR2-s[VhæƂǂ±3ʉȋ
FIHǄǊ 
ÏȚɡƟ2-
Ǽƚ^p3ǹ100 bpƬ3ɼĉ4s[VhæƂǂ±
/ǞFI-HʆKaplan et al. 2009, Pan et al. 2011ʇ%-
ʆAʇb\q%
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3èĂ.H/ǣüI'ʆKaplan et al. 2009ʇƆǠǬ3ǾƊLɇ>H/

ʆAʇb\q33Ƙȏ4
iQ}III IR>'4iQ}II IR2EHB3.HíȏŔ
ʃiQ}III IR2EHs[Vh3ŧɭ3èĂ2+-
>"Ȼȸ!;4âĚ
ƋƓɕ3ńś2+-.HDaynF4
ǆ²Ë.ƑÏI'âĚƋƓɕ4Ç-
AT2
ĥ@IR
ƾ2
ʆApTʇnB/21*-ńśI-H/ċ÷'ʆDayn et al. 1991; Dayn 
et al. 1992ʇ¦3\}B>'
ŇF/òƔ3ȋĦL-HʆMcClellan et al. 1986; 
Panayotatos and Fontaine 1987; Wells and Harvey 1987; Horwitz and Loeb 1988; McClellan et al. 
1990; Calladine et al. 2004ʇʆApTʇnâĚƋƓɕLńś.H34
BĈƓɕLĝğà
!H'A3dilY\TtZɵķ2ī/èĂ.H/ȋFI-H
ʆPanayotatos and Fontaine 1987ʇ
iQ}III IR3BĈƓɕFâĚƋƓɕ:3
ǧȟLȻȸ!H'A24
>"`Qe3ýɾLȻȸ!HŏȤH 
 
 âĚƋƓɕ3`Qe3ýɾ4
ɦɨȸ 3ǔ.*'VologodskiiF4
Ⱦ3ɅF
#MĤļ±ɼĉ2ěĆ!Hǟwp4
âĚƋƓɕLA*'2ńś1
/Lǣü'ʆVologodskaia and Vologodskii 1999; Vologodskii 2015ʇ%-

Zhabinskaya /BenhamFBǄȸǔǠǬ2EGdm3ɦǹ15 bpEGǟâĚƋƓɕ
4ńś.1/ǾȸL-HʆZhabinskaya and Benham 2013ʇ
DNA
3¡Ɔɥ3ȞȪ4ëŌä°ǹ3 bp3IR.Bíȏ1E.HƆǠǬ.ƑÏ'
CFIR4
iQ}III IRBöA-ǹ15 bpEGǟëŌä°LB+B3</M0.Hʆą 
2.1E72.6
http://www.waseda.jp/sem-ohyama/CFIRs-Scʇŉ*-
Ȯ3ǠǬ2Ċ,
/
ǆ²Ë2H%IF3CFIRâĚƋƓɕ2ǧȟ!H34íȏ13BI1
ʆDNA3¡Ɔɥ3ȞȪ>'4İđ4íȏʇ1F
ǃĠ24ɵķ2Ĕ
3ǠǬ
57 bp3dmLB+âĚƋƓɕ3ěĆLǣ-HʆSheflin and Kowalski 
1985; Iacono-Connors and Kowalski 1986; Müller and Wilson 1987; McMurray et al. 1991; Dai 
et al. 1997; Dai and Rothman-Denes 1998; Jagelská et al. 2010; Nuñez et al. 2015ʇ%.ƆǠ
Ǭ.4ňȌ3ċ÷Lɢȧ-
R#5S"8(2R+S#13) IRLâĚƋƓɕ2ǧȟ!HȏÜLB
+IR/?1' 
 
 ƙ2iQ}III IR2-s[VhæƂǂ±ǄǊLȋĦ!HiQ}III IR
.4nNuOc3ĸć¿øɍɼĉ/ơ;H/±
iQ}III IR3ëŌä°ɦ1H/

nNuOc3¿021H/Ð*'%I4
iQ}III IR3ëŌä°ɦ1H/
BĈƓɕEGİđC!1H/
>'4âĚƋƓɕLEGńśC!1H/
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èĂ/ȋFIHâĚƋƓɕ3ńś4
ɦëŌä°LB+iQ}III IR3Čñ.
əǔBI1
s[VhLŧɭ!H'A24%I.âÐ13B
I1>'
īɼĉ2ȣŲ3CFIR>'4AT2ĥ@o[oěĆ!H/
s[V
hLŧɭ!HǢǂ4ʃ1Hʆą 2.7ʇǃĆ3/J
+3CFIRĝğ
'”âĚƋƓɕLńś-H/Lõğ4.1>'
xdoēIHǱ2EG
Ⱦ3ɅF#MĤļĭŜǔ2ʃ1H/2EG
ǟdmLB+âĚƋƓɕńś
I-H3BI1Ɓň2
âĚƋƓɕ©ē3ɵBĈƓɕ2+-BȻȸ1
-41F1(ApT)n4
ZĈƓɕLńś!H/B.H/ǞFI-H

ZĈƓɕ3ńśC!4(GpC)n>(CpA)n>(CGGG)n>(ApT)n.H/ʆWang et al. 1984; 
Shin et al. 2016ʇE7(ApT) n4ZĈƓɕEGBâĚƋƓɕLńśŻ/Lɇ>H
/ʆWang et al. 1984; Sinden 1994; Wang et al. 2013ʇ
3ɠÒB/21*-ZĈƓɕLń
ś-HíȏŔ4±/ȋFIH©LȇAH/
ʆəǔ1ʇ¡ƆɥDNA3İđ
>'4âĚƋƓɕ3ńś
iQ}III IRB4%3øɍɼĉ2-s[Vh
æƂǂ±1HèĂ/ȋFIH 
 
 iQ}II IR2-s[VhæƂǂ±èĂ4
iQ}III IR3Čñ/4ǐ1
HBI1A>'4T3o[oE7V_ɠÒ4
ǡ/ǞFI-H
ʆNelson et al. 1987; Packer et al. 2000; Suter et al. 2000ʇŉ*-
%IF3ɠÒ4%B%
Bxdo2ĵ+2/ȋFIHʆIyer and Struhl 1995; Segal and Widom 2009; 
Struhl and Segal 2013ʇĠɯ2
]uQp1ȦƖ.ȟKI'ȪƉ2EH/
%IF3
ɠÒ4s[VhLńś-1/Ôź'ʆYuan et al. 2005)>'

oDNA3ńśèĂ36/+BI1oDNAƓɕ4
%3ƙÃƓɕ2EG

s[Vh3ńśLş×>'4ºɗ!H/.HʆOhyama 2001ʇ¶5
A
>'4T3o[o
11 bp©3ɨɮ.ěĆ!HČñ2
s[Vh3ńś2
Ö1ƙÃƓɕńśIHĠɯ
3’ɵȊȯɼĉË2ƂŘ2ĔěĆ!HiQ}II IR
3ɟ.4
Ȯ3Ƈ«LƲ'!E2
ëŌä°ɨ3ɼĉ>'4iQ}II IR3ɰũɼ
ĉ2A>'4T3o[oěĆ!HʆniƄūɋʇÝ-
Kornberg\}3ċ
÷2BǜǗ!;.HŇF4
s[VhLńś-1ɼĉ4
ɐ'
DNA3ǡB4ʃƙƓɕ2Ċ,'ƘƓ/EGB@J
[kn
\Ăę.HRSCʆremodel the structure of chromatinʉSWI/SNF{N.ƁBĔě
Ć!HĂęʇɩ-H/Ł-HRSC4
A>'4T3o[o2ĥ@ɠÒ
LȴȺ-[kn\L!H/ʆLorch et al. 2014ʇ©3íȏŔL
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ɇ>H/
iQ}II IR2-4
âĚƋƓɕ3ńś©ē2Bs[Vh3æƂ
ǂ±1HèĂ/1HƘƓ+Hŉ*-
iQ}III IRE7iQ}II IR2
-s[VhæƂǂ±1HèĂ4
Ɔɂǔ2ǐ1H/ȋFIH 
 
 iQ}III IRE7iQ}II IR3ɠÒ/RSC3ŤHȖ2Ý-
RNAgII3
ǧÞBiQ}III IRE7iQ}II IR2-s[VhæƂǂ±ǄǊ36/+
BI1RNAgIIŹƃ2Ȫɲ!H/
ʆAʇɟ°øɍ2Hs
[VhæƂǂ4ĐÝ!H/ċ÷HʆFan et al. 2010ʇŉ*-
ɈÍ2E
HɅF#MĤļ3Þǔ1Ēà
RNAgII3ǧÞ
RSC3ŤHȖ
iQ}III IR
/iQ}II IR3ǆƈ3ƾŔ
>'4iQ}III IR/iQ}II IR3^{Ub/
*'ȤĂ30I
H4%IF3)3+¢2ãò-
s[Vh
3ŧɭLȵĪ-H3BI1 
 
2.4.3. ĕȐȜ/ÏȚɡƟ3ð]u2ěĆ!HCFIR3ʀ¯Ŕ 
ĕȐȜ/ÏȚɡƟ3ð]u4
Éɓ-CFIRȀȬǔ2ƂŘ2ĔěĆ!HɼĉL8
'+B+6/+4mRNAƅǮʆĕȐȜ; ǰ1ɟʇ>'4ʆAʇɟ°ʆÏȚɡƟʇ2
ɰũ!Hɼĉ.HB6/+4ɧĘ^p3ǹ2560 bpƬʆĕȐȜ; ǰ1ɟʇ>'
4ǹ3060 bpƬʆÏȚɡƟʇ3ɼĉ.Hʆą 2.10ʇÙȌ2HCFIR4
ĕȐȜ
.4ĔËĂŔiti-µǈI-H/ȋFIHʆǰ1ɟʇ%IF4
GC2ĥ@ÏȚɡƟ.4ʆAʇb\q/-Ƙȏ-H/ȋFIH%IF
4AT2ĥ@ŉ*-
IF3CFIR4
ĎĊ3ǽś4ĕȐȜ/ÏȚɡƟ.1Gǐ1H
B33
0)FBɈÍǼǾ3'A2Ƙȏ-H/ȋFIHǆƽɨ.3CFIR3Ď
Ċ3ǽś3ɚ4
[kƓɕ3ƂƸèĂBI1ÏȚɡƟ3%IF3CFIR
4
s[Vh3æƂǂLƯF!'A2DNA.BµǈI-H/ȋFI
H%3'A2
AB4T3o[o2ĥ@CFIR>'4ʆApTʇnB4ʆTpAʇn
ʆn#1ʇ2ĥ@CFIRė>IH3BI1 
 
 
 73 
 
 
 
 
 
 
 
 
 
 ORF2H
ɧĘ^p3Ƭ3CFIRȀȬǔ2ƂŘ2ĔěĆ!Hɼĉ2-3
IF3ǆƽɨ2Hʀ¯ŔB>'
CFIRRNA.Éɓ!HņÛLƊ'-
H/Lǣü-HF2
¦3ÉɓƷ/-ÏȚɡƟ]u3?1F"
ĕȐȜ
]u2-BCFIRȊȯɧĘɼĉ2-ǫƒǔ2ŧɭI-H/BƩǗ2¿
!Hʆǰ1ɟʇIF3ǾƊF
CFIR4
èƎǆƽ.HĕȐȜ/ǱǛƎǆƽ.
HÏȚɡƟ2-
RNA.ɈÍLȷǴ>'4ǼǾ!H'A2òƔ3ƘȏLƊ'
-H/Ǿȸ,' 
 
2.4.4. RdE7xo3ð]u2HCFIR3ÐĶ3ƾōǣü-H/ 
 RdE7xo3ð]u2ěĆ!HCFIR4
ɈÍǼǾɼĉ2ȀȬǔ2ƂŘ2Ĕ
ěĆ!H/źF21*'ƾ2
ʆAʇɟ°3Ƭǹ1030 bp3ɼĉ2CFIR
ĔěĆ!H/Ôź'ʆą2.9ʇʃǱǛƎǆƽ3ʆAʇb\q4
ÏȚ
~20 bp
~25 bp

	
%'+
: !!
# :!!
 
: &$(III IR

	
%'+
)*,A-
	
~5 bp
~60 bp
mRNA

~15 bp~15 bp
~30 bp
~60 bp
~20 bp
~30 bp
~90 bp
CF
IR
"

CF
IR
"

: &$(II IR
: CFIR" : CFIR"
ą 2.10 ĕȐȜ/ÏȚɡƟ3ð]u2ěĆ!HCFIR3Ïǃɽļ2Hʀ¯Ŕ 
ą 1.2BE7ą 2.2ʆ3’ɵȊȯɼĉE7ORF3ðwtʇ.ǣ'ni2Ċ,
-´ś'ĕȐȜ2HmRNAƅǮ4Ġʂǔ2ƤAFI'°ȈLǣ'

Ġɯ3ɝ®ęƅǮ3°Ȉ4
CFIR3z[3°ȈEGBF2Ƭ2H/ŪĦI
Hʆǰ1ɟʇ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ɡƟ3ʆAʇb\q2ơ;-ʃļ2¼ěI-G
%IF4AAUAAA>'
4%I2¯'ɠÒʆAUUAAAǱʇ.H/ǞFI-HʆMischo and Proudfoot 
2013ʇ%-
IF3ʆAʇb\q4
ʆAʇɟ°3Ƭǹ1030 bp3ɼ
ĉ2ěĆ!H/ǞFI-HʆColgan and Manley 1997ʇŉ*-
ɈÍǼǾɼĉ2
ěĆ!HCFIR/ʆAʇɟ°3ÐĶ3ƾō4Ȕ!HF2
ʆAʇb\q
AAUAAA.Hɝ®ęE7ʆAʇb\qAUUAAA.Hɝ®ęL
j2+ɜ7
ɈÍǼǾɼĉ2HCFIR/ʆAʇb\q3°Ȉɩ¹L
ȷ;'ǾƊ
%IF3ĔʆAʇb\q/ò °Ȉ2CFIRLB+/Ôź
'ʆniƄūɋʇŉ*-
%IFCFIR4
ʆAʇb\q/-Ƙȏ-H
íȏŔʃŶ
ʆAʇɟ°3ǹ15 bpƬ3ɼĉ2-4
øɍɼĉ2ơ;
-CFIRĬ1/BÔź'%3èĂ2+-4
ǃĆź.H 
 
RdE7xo3ð]u24
ëŌä°100 bp©3CFIR+ěĆ!H
ʆą 2.8
http://www.waseda.jp/sem-ohyama/CFIRs-Mm

http://www.waseda.jp/sem-ohyama/CFIRs-Hsʇ
%IF3CFIR4
(A)ɟ°3
øɍɼĉʊʆAʇɟ°3200 bp+200 bp3ɼĉʋ2°Ȉ-1ʆniƄūɋʇ
ŉ*-
%IF3CFIR4
Ĭ1/Biw[ɂL^p!Hɝ®ę3ɈÍǼǾ24ɩ
-41/ȋFI
%IF3ěĆŘȉ2+-4
F1HƑȭŏȤ.H 
 
2.4.5. Ǳǆƽ/ʃǱǆƽ3ð]u2ěĆ!HCFIR3ʀ¯Ŕ 
 ĕȐȜE7ÏȚɡƟ3ð]u2-CFIRȀȬǔ2ƂŘ2ĔěĆ!Hɼĉ.
HɈÍǼǾɼĉ4
RdE7xo3ð]u2-BCFIRĔěĆ!Hɼĉ
.H/źF21*'%-
ƆǠǬ2EG
RdE7xo3ð]u2
-
CFIR/ʆAʇɟ°2ǙɩH/ǣüI'3ǾƊ4
ʃǱǛƎ
ǆƽ.HRdE7xo3ð]u2-B
CFIR4ƙɈÍǇƽ33’ƅǮ3ś
ƻəǨ2ɩ!HƓɕĂę/-Ƙȏ-HíȏŔH/Lǣü-Hʆą 
2.9ʇ+>G4
3ɼĉ2ěĆ!HCFIR4
ǱǆƽFʃǱǆƽ>.ĺ¼ěI
'
ƒA-ɢȤ1ƓɕĂę.H/ǣüI'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Ȃš 
ƆǠǬ4
âĚƋƓɕ3ǆƽĜǔƘȏ3ȪźLǗǔ/'ǠǬ.HâĚƋƓɕ4

CFIRB/21*-ńśIHƆǠǬ.4
ĕȐȜ
ÏȚɡƟ
Rd
xo3ð]
u2ěĆ!H CFIR2ɩ!HǸȅ1]uQpȪƉLȟ*' 
 
ĕȐȜ]uLĩȽ/'ǠǬ.4
>"
CFIR LƑÏ!H'A3h{oRSOLǀ
Ȓ2´ś'%-
IL CIRI /ûó-
 Web 2Èɧ'
ʆhttp://www.waseda.jp/sem-ohyama/CIRIʇƙ2
ĕȐȜ]u2ěĆ!H CFIRL
CIRI
Lǈ-Ç-ƑÏ'%-
ƑÏ' CFIR2Ý-
ðɝ®ę3 TSS
ɧĘ^p

Ǽƚ^p
ɝ®ęƅǮ103ŖċLö@]uQpl}L´ś'F2
´
ś'l}3¬Ř3ɼĉLȡǣ.H Web `QoʊCruciform-formable IRs in the 
Escherichia coli genome (CFIRs-Ec) ʋ B ´ ś  - È ɧ  '
ʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Ecʇl}2Ċ,-
CFIR/ɝ®ę/3°
Ȉɩ¹2+-3ȳǻ+ğɣǔ1]uQpȪƉLȟ*'ǾƊ
CFIR4
Ǽƚ^p
3!Ƭ3ɼĉ
ɝ®ęƅǮøɍɼĉ
5’ɵȊȯɼĉ2HɧĘ^p3Ƭǹ 20
45 bp3ɼĉ
ɧĘ^p3Ƭǹ 2560 bp3ɼĉ
E7}iË3 TSS
Fǹ 2530 bpƬ3ɼĉ3 5ɼĉ2ȀȬǔ2ƂŘ2ĔěĆ-H/Ôź'
Ǽƚ^p3!Ƭ3ɼĉE7ɝ®ęƅǮøɍɼĉ2ĔěĆ!H CFIR 3ƓɕL
ȷ;'ǾƊ
IF3</M0ëŌä°3ĕ 8 bp©3 CFIR.H/Ð
*'%-
%IF/ RhoĂęɵ¸ěǔ1ɈÍǼǾɼĉ/3°Ȉɩ¹Lȷ;'ǾƊ

</M03Čñ.ȌȔ'Rho Ăęɵ¸ěǔ1ɈÍǼǾɼĉ.4
ɈÍI'
RNA dm}ƓɕL/H/. RNA /ɤĈɥ3ĩñĝğ21*-ɈÍǼ
ǾɄH/ǞFI-Hŉ*-
.ǜǗ' CFIR4Ȯ RNAƓɕ3ɄƳ
/1HƓɕ/-Ƙȏ-H/ȋFIH%I(.41
.ǜǗ
' CFIR4I>.ǞFI-1*'DNA3ƓɕȒ²L¥'ɈÍǼǾbdm/
-ÖǈI-HíȏŔBõğ.15’ɵȊȯɼĉ2HɧĘ^p3Ƭǹ 20
45 bp3ɼĉE7ɧĘ^p3Ƭǹ 2560 bp3ɼĉ2ȥFIH CFIR2+-4

0)FBɈÍʆDNAʇCȊȯʆRNAʇ3ɔļLȷǴ!HƓɕ/-ǈŘ
I-HíȏŔȋFIHF2
%IF3 CFIR4ɈÍ×ŋ>'4ȊȯȷǴ3W
re2ɩKHŵȦĂę/-Ƙȏ-HíȏŔBȋFIH}iɼĉ3
CFIR 2+-4
ɈÍĂę3ǾñɠÒ/-Ƙȏ-HíȏŔʃƆǠǬ.4
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CFIRƂŘ2ŧɭI-HɼĉBǓȥI'%I4
ɧĘ^p2ƬÀ.ɰũ!
Hɼĉ.
24
CFIR4</M0ěĆ1%3ǄǊ/-
8'+3ªȶȋ
FIH6/+4
Ȋȯ3ɧĘLɪĢ1E2 CFIR Lǫƒǔ2ŧɭ-H
ʆmRNAËȊȯɧĘɼĉ.3dm}Ɠɕ3ŧɭʇ/B3.
B6/+4

SDɠÒLŮ1K1'A/B3.H©3ǾƊF
ĕȐȜ]u2ěĆ!H
CFIR4
ɈÍ>'4Ȋȯ3ɧĘH4ǼǾɼĉ2-ǫƒǔ2ɠȈ>'4ŧɭI
-G
%IF3}fd2ƮɩK*-H/łǣüIH 
 
 ÏȚɡƟ]uLĩȽ/'ǠǬ.4
Ȯ3ǠǬ/òƔ2
>"
]u2ěĆ!
H CFIR L
CIRI Lǈ-Ç-ƑÏ'%-
3Ŗċ2
ðɝ®ę3 TSS
ɧĘ
^p
Ǽƚ^p
ʆAʇɟ°103ŖċLÝ']uQpl}L´ś'
F2
¬Ř3ɼĉ2HȮ3ŖċLȡǣ.HWeb`QoʊCruciform-formable IRs 
in the Saccharomyces cerevisiae genome (CFIRs-Sc) ʋ L ´ ś  - È ɧ  '
ʆhttp://www.waseda.jp/sem-ohyama/CFIRs-Scʇl}2Ċ,-
CFIR /ɝ®ę/3°
Ȉɩ¹2+-3ȳǻ+ğɣǔ1]uQpȪƉLȟ*'ǾƊ
ʆAʇɟ°3
ƬɼĉE7ɧĘ^p3ǹ 3060 bpƬ3ɼĉ2CFIRȀȬǔ2ƂŘ2ĔěĆ!
H/źF21*'%-
ÙȌ2ěĆ!H CFIR4
(ApT)n>'4(TpA)nʆn#1ʇ
2ĥ@ CFIRH4 A>'4 TŲ¾ɖ1*'ɠÒ2ĥ@ CFIR.G
ňȌ2ěĆ!
HCFIR4
ÙȌ2ěĆ!HCFIR/4ǐ1Hǩʀ3CFIR.H/źF21*'
F2
ʆAʇɟ°3Ƭɼĉ2ěĆ!H CFIR/mRNAÙʁ²3ʆAʇb\q
/3ɨ24ĎĊɠÒ3łǙɩH/LȥÏ'>'
[kƓɕ/3
ɩ¹.4
ʆAʇɟ°3Ƭɼĉ2ěĆ!H CFIR3Ĕ4s[VhLŧɭ!
H//
ɧĘ^p3ǹ 3060 bpƬɼĉ2ěĆ!H CFIR3Ĕ4+1s[Vh
Ë2ěĆ!H/źF21*'Ý-
ɧĘ^p3ƬÀ2ɰũ!Hɼĉ2
4
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